ABSTRACT. The purpose of this study was to evaluate the effects of mycorrhizal association on the interference of Bidens pilosa, Urochloa decumbens and Eleusine indica on soybean culture in two conditions: a) plants competing without contact with roots of another species; b) with contact between roots. At 60 days after planting, growth, nutrient accumulation and mycorrhizal colonization of soybean and weeds were evaluated. The contact between roots of soybean plant and weed species increased the negative interference effects for both species, with less growth and nutrient accumulation. With the individualization of roots, higher competition occurred for soil resources up to 60 days of coexistence between species. In competition with soybean, Bidens pilosa and Urochloa decumbens stood out in accumulation of most nutrients without differing from when cultivated in monocultivation. The increase of the soybean mycorrhizal colonization was 53, 40 and 33% when in competition with Urochloa decumbens, Eleusine indica and Bidens pilosa species, respectively. A positive interaction occurred for soybean mycorrhizal colonization and competing plants irrespective of weed species or root contact.
Introduction
Weeds can be a problem for any agricultural exploration, depending on the species and distribution in the crop, in a certain moment, when they are competing for light, water and nutrients. The complexity of factors that define the competition among plants has been studied by several investigators, aiming to define the mutual development capacity and species adaptation to the most different environments (Carvalho & Christoffoleti, 2008; Silva et al., 2009; Dias, Pinto, Mondo, Cicero, & Pedrini, 2011; Vivian et al., 2013) .
In the soybean crop, the damages caused by weeds and management methods aiming at higher culture yield and preservation of its productive potential are investigated by several researchers (Silva et al., 2009; Bianchi, Agostinetto, & Rizzardi, 2011) . Despite the advancements towards control, the presence of weeds in soybean is still a cause of losses in quality and yield. According to Pittelkow et al. (2009) and Benedetti, Pereira, Alves, and Yamauti (2009) , not only the components of the culture must be observed, but it is also important to know the competition capacity of weed species for the determination of critical periods.
There is a complex relation between soil microbiota and vegetable species (Moreira & Siqueira, 2006) in such a way that the rhizosphere associated with plants can influence nutrient acquisition and absorption, development and even adaptability. Therefore, there is a need for identification of the competitive capacity of species, considering the interactions between soil microorganisms and competing plant as possible interference factors in the culture.
In conditions where there is competition for nutrients between culture and weeds, higher soil exploration by roots is essential, when some resources may be scarce and, consequently, stimulate colonization and sporulation of mycorrhizal fungi. In the case of soybean and other leguminous plants that have short or scarce root hairs, the association with mycorrhizal fungi is of extreme importance, resulting in better plant nutrition, as for example, phosphorous supply to the roots (Syibli, Muhibuddin, & Djauhari, 2014) . The benefits of arbuscular mycorrhiza for plant growth are directly correlated with the degree of root colonization, and in the case of soy, it has an important role in favoring nodulation and biological nitrogen fixation (Moreira & Siqueira, 2006) . Therefore, arbuscular mycorrhiza can minimize the effects of competition, being responsible for 80% of the soybean growth (Brito, Carvalho, & Goss, 2013) .
Arbuscular mycorrhizal fungi are widespread in nature, and most plants are benefited from this association. In studies conducted by Santos et al. (2013) all 36 weed species, from 14 families presented mycorrhizal fungi colonization and, morphological types of arbuscular and coiled hyphae occurred in most species. The competitive advantage of weeds over cultures can be in part, result of the interaction of these plants with several groups of soil microorganisms (Reinhart & Callaway, 2006) .
Plants in competition and with space limitation for development, can intercept their roots. The mycorrhizal fungi form a mycelial net that can extend beyond the root surface, thus, there may be a transfer of nutrients between plant species via mycorrhizal fungi (Finlay, 2008) , where one of the species is benefited and the other has growth inhibition. The contact between roots can have effect on theincrease or reduction of competitiveness of species, in which mycorrhizal fungi can have a relevant contribution. In view of that, the purpose of this study was to evaluate growth, nutrient accumulation and mycorrhizal colonization of soybean in competition with B. pilosa, U. decumbens, E. indica with and without root system individualization.
Material and methods
The experiment was performed in a greenhouse, using Yellow-Red Latosol, with clay-sandy texture, presenting the following chemical characteristics: of soil). To increase base saturation to 60%, dolomitic limestone was used at 0.78g dm soil concentration.
Rectangular pots of 4 L (12.5 cm width x 38 cm length) were divided in two compartments using a nylon screen (50 μm mesh), which did not allow passage of roots; but allowed the passage of mycorrhizal hyphae and nutrient flow, according to Cruz and Martins (1998) . Half of the pots were divided. All pots were filled with previously corrected and fertilized soil.
Sowing of soybean and B. pilosa, U. decumbens and E. indica species was carried out simultaneously in the pot in two conditions. In the first condition, divided pots, the culture stayed in a compartment and the competing species in another. In the second condition, pot without division, culture and competing species were sowed without separation. In both cases, one soybean plant and three weeds were cultivated per pot. Soil moisture was maintained by daily irrigations, maintaining the water content close to the field capacity.
The experiment was composed by treatments of soybean in competition with B. pilosa, U. decumbens and E. indica and also by monocultivation of soybean and competing species. For all these combinations, cultivation was performed with and without the use of the screen dividing the pot. For the soybean with weeds variables, a 4 x 2 factorial scheme (soybean with B. pilosa, U. decumbens and E. indica and in monocultivation, besides use or not of screen for root individualization) was used in randomized blocks delineation with four replications. To evaluate the weeds, a 3 x 2 x 2 factorial scheme (B. pilosa, U. decumbens and E. indica versus use or not of nylon screen and weed plant in competition with soybean and in monocultivation) was used, in randomized blocks delineation with four replications.
At 60 days after emergence, all plants were cut close to the ground. Density was determined in soybean plant roots, measured by the fresh matter weight to displaced water volume (g mL -1
) ratio when submerged in 1,000 mL graduated test tube. Subsequently, the leaf area was determined using an area integrator (model LI 3100), conditioning the plant parts, separately in paper bags for dry matter determination in forced air circulation oven (60°C), to a constant mass.
The following variables were calculated with the collected data: specific leaf area (SLA) (plant leaf area/ leaf dry matter); leaf mass ratio-LMR (leaf dry matter/total dry matter), stem matter ratio -SMR (stem dry matter/ total dry matter) and root mass ratio-RMR (root dry matter/ total dry matter); leaf area ratio -LAR (leaf area/ total dry matter), according to Benincasa (2003) .
After roots were separated from soil and washed in running water, 1.0 g root sample from each pot species was collected and maintained in 50% ethanol, for evaluation of mycorrhizal colonization. Root samples were cut in segments of 1 cm length, clarified in 10% KOH solution, acidified with 1% HCl, stained with 0.05% trypan blue and kepted in lactoglycerol (Schenck, 1982) . Each sample was distributed on Petri dishes with grids, where percentage colonization count was performed in stereomicroscope, using the magnified intersection method (Giovannetti & Mosse, 1980) . After dry matter determination, root samples and aerial part were submitted to grinding in a Willeytype mill, equipped with fine sieves (40 mesh). Macro and micronutrient content present in the soybean, B. pilosa, U. decumbens and E. indica were determined. Phosphorous (P) content of the extract was determined by colorimeter (725 nm) after nitric-perchloric digestion of vegetable material using the vitamin C method (Braga & Felipo, 1974) . In the same extract, potassium (K) was determined by flame photometry, sulfur (S) by sulfate turbidimetry (Jackson, 1958) ; and calcium analyses (Ca), magnesium (Mg), by atomic-absorption spectroscopy. The N-Total content was determined by the Kjeldahl method (Yasuhara & Nokihara, 2001) , after sulphuric digestion of the material. With macro and micronutrient levels observed, total plant nutrient accumulation was calculated from the dry matter of roots and aerial part.
For interpretation of results, analysis of variance was employed using the F test (p ≤ 0.05 probability) and Tukey's post hoc test at 5% probability for multiple comparisons between competing species and use of screen.
Results and discussion
From the performed analyses, it could be verified that species in competition with soybean presented distinct responses and their differences, with or without screen separating roots, represented divergent skills for each species. The dry matter, area ratio and specific area of the soybean leaf in monocultivation did not differ from those in competition with weed species, when using screen to separate roots. For total dry matter and leaf area of soybean in competition with E. indica, even when the screen was used, these variables were lower regarding soybean in monocultivation (Tables 1 and 2 ). Without the use of the screen separating roots, soybean in monocultivation presented higher leaf dry matter, total dry matter and leaf area in relation to soybean in competition, regardless of species. Soybean in competition with B. pilosa presented lower leaf area ratio and the lowest specific leaf area was for soybean in monocultivation (Tables 1 and 2 ).
Comparing treatments with and without screen for soybean in competition with weeds, distinguished behavior was observed for each species depending on the variable (Tables 1 and 2 ). In general, soybean variables presented lower values in treatments with root contact, and coexisting with B. pilosa and U. decumbens comparing with treatments with no root contact. The soybean variables (stem and root dry matters) showed no interactions among the studied factors, only the weed species variable was significant. Soybean in competition presented reduction of independent variables of competing species for stem and root dry matters (Table 3) . In the process of initial competition between soybean and weeds in the conditions of pots without separation and with roots developing together, lower development of the culture was probably associated with overlapping nutrient uptake between plant root zones. The occupation of soil space by the root is of primary importance in the competition process and each species may present different competitive skills in the root system. There are studies in the literature reporting these skills of competing plants, B. pilosa is outstanding in phosphorous extraction , while gramineous plants can presented rapid root system formation and soil occupation .
When there was no superposition of nutrient uptake zones, in pots divided by screen, it was noticed that aerial part variables of soybean were less affected than the roots. Probably the competing plant developing near the soybean contributed to lower nutrient availability and the soybean had the root development affected up to 60 days of coexistence. Studies conducted by Bianchi, Fleck, & Dillenburg (2006) observed that during the period of initial vegetative growth of soybean, the competition for soil resources predominated on the competition for solar radiation, resulting in reduction of growth variables.
Variables related to species B. pilosa, E. indica and U. decumbens presented no significance for the screen factor. Thus, the interaction was separated between species and type of cultivation (competition with soy, monocultivation) (Table 4 ). In comparisons of growth variables of weeds in competition with soybean and in monocultivation, it is important to observe the effect of the soybean competition over these species. However, the comparison between species is of little relevance as the found differences are more influenced by intrinsic characteristics of species than by the analysed treatments.
It was noticed that weeds cultivated in presence of soybean, also had the development negatively affected. In general, B. pilosa had higher reduction of aerial part variables, while gramineous ones presented lower values when in competition with soybean for variables associated with roots. In systems of competition for growth resources, the involved plants presented special characteristics; therefore, the understanding of the behavior of both culture and weeds is important for preparation of management strategies.
The weed variables root mass ratio and leaf mass ratio were not modified when in competition with soybean (Table 5 ). Among the weed species, B. pilosa stood out with higher leaf area ratio and leaf mass ratio values. The competition for soil resources and solar radiation is not independent, and both the root system and the aerial plant part played quick exchanges concerning photoassimilate allocation, when one or another fraction is more recruited in the competition (Cahill & Lamb, 2007; Kiaer, Weisbach, & Weiner, 2013) . This increase of photoassimilate allocation to the aerial part of B. pilosa was probably a competitive strategy of the species.
The accumulation of nutrients in soybean plants was higher when in monocultivation, for the two pot conditions (with and without screen), except for P accumulation (Table 6 ). Without the contact of soybean roots and competing species, P accumulation in the culture did not differ between treatments. This fact can be associated with low mobility of this element in the soil, which is transported by diffusive flow, occurring higher competition for P when roots were very close, in this case without the use of screen. The competition for 'non-motile' elements exists in lower intensity, as its transport distance does not exceed 1 mm of distance from the root (Novais & Mello, 2007) . There was a tendency of less nutrient accumulation in soybean when there was contact among species roots, with variation among nutrients and species. This fact was observed for most treatments in which soybean was cultivated with B. pilosa and U. decumbens. Nitrogen and potassium are two elements high extracted by weed (Kabba, Knight, & Rees, 2011; Cury et al., 2013) , being a strong competing for these elements.
Soybean presents an extra source to supply N demand through N 2 biological fixation, process performed by several bacteria species that live in the soil. However, it presented less accumulation of this element when in coexistence with competing species. Direct competition may have occurred for the element or perhaps N has not been a limiting factor for soy, but the deficiency of other elements, which can damage nitrogen accumulation for the culture. An example would be the N x K interaction, the absorption of an element leads to the demand for the other (Cantarella, 2007) . Another possibility is the lower dry matter accumulation of soybean in competition with weeds, resulting in less N accumulation. In this case, knowing the level of elements in the plant organs would be of extreme importance.
There was interaction between plant species and cultivation type (monocultivation or competition with soy) for all elements, exception for Ca and Mn which did not present significant differences (Table 7 ). This fact shows that both species suffer damage when in competition. However, the damages of the culture are more significant, since they are directly associated with yield and profitability. Weeds in many cases are more efficient in the competitive process of the culture, even without having been submitted to selection of high quality seed, and in many cases without receiving fertilizer, only by skills acquired along time and due to high adaptation capacity, besides other characteristics inherent in each species. It is also mentioned that cultivated plants have lower competition capacity, due to the breeding process, which they are submitted (Fontes, Shiratsuchi, Neves, & Filho, 2003) .
There was no difference in nutrient accumulation of competing species when in monocultivation and in cultivation with soy, and it is possible to infer that the species is a good competing for the element. Thus, B. pilosa stood out in P and Mg accumulation; E. indica only in K accumulation, and U. decumbens in K and Mg accumulation. The understanding of the biological aspects of competing species is fundamental, highlighting the nutritional demands and the responses to environment alterations, among others (Kabba et al., 2011) . Thus, it is important to analyse how efficient competing species were in nutrient accumulation. Nutrient accumulation in B. pilosa, U. decumbens and E. indica plants was differentiated depending on the element and on the cultivation condition, being that for N, K and Mg there was interaction between plant species with or without screen separating the pots (Table  8 ). In the cultivation without screen, U. decumbens accumulated less N and Mg, and B. pilosa presented lower K accumulations. This is probably not due to the use of the screen itself, but to the presence of soybean in competition, as noticed in Table 7 .
The mycorrhizal colonization percentage in soybean roots was higher when cultivated with U. decumbens, followed by soybean cultivated with E. it indica and B. pilosa (Table 9 ). The screen factor was not significant; in other words, root contact in the competitive process did not alter the percentage of mycorrhizal colonization of soybean. Mycorrhizal symbiosis strongly influences the patterns and intensity of effects of intra and interspecific competition between weed, and the benefit degree of the species is consequence of the plant mycorrhizal dependence (Rinaudo, Bárberi, Giovannetti, & Van Der Heijden, 2010; Silva et al., 2015) . As observed, other species involved in the competition process also presented influences of mycorrhizal associations. In this case, increase of colonization occurred by mycorrhizal fungi in soybean roots when in competition.
Mycorrhized plants demonstrably have higher access to soil nutrients, mainly P Brito et al., 2013) . In case of soil elements limitation, it is probable that more associations between plants and mycorrhizal fungi are established, attempting to increase the volume of root exploration and to have more access to nutrients.
The mycorrhizal colonization percentage in soybean roots was higher when cultivated with U. decumbens, followed by soybean cultivated with E. it indica and B. pilosa (Table 9 ). The screen factor was not significant; in other words, root contact in the competitive process did not alter the percentage of mycorrhizal colonization of soybean. Mycorrhizal symbiosis strongly influences the patterns and intensity of effects of intra and interspecific competition between weed, and the benefit degree of the species is consequence of the plant mycorrhizal dependence (Rinaudo et al., 2010; Silva et al., 2015) . As observed, other species involved in the competition process also presented influences of mycorrhizal associations. In this case, increase of colonization occurred by mycorrhizal fungi in soybean roots when in competition.
In the intercropping between soybean and competing species, root colonization by mycorrhizal fungi, can act simultaneously with the process of biological fixation of nitrogen. The soybean dry matter production and mycorrhizal dependence are higher in presence of rhizobium (Brito et. al., 2013) . Arbuscular mycorrhiza fungi allow interconnections between roots of different species through a mycelial net that is developed in the soil, creating the possibility of nutrient transfer between them. Paulino, Alves, Barroso, Urquiaga, and Espindola (2009) noticed that crotalaria and gliricidia transferred to the graviola tree from 22.5 to 40% of N from biological fixation when intercropping. Perhaps the same thing occurs with weeds, they manage to absorb nitrogen through the connection between mycorrhizal hyphae of the species, originating from the nitrogen biological fixation. Thus, it is interesting for the weed that the soybean has higher mycorrhizal colonization. For mycorrhizal colonization of weeds, the screen factor was not significant. Difference in colonization percentage between weed species and when in monocultivation or in competition with soybean was observed (Table 10 ). Weed species that developed in monocultivation presented percentage variation in mycorrhizal colonization; U. decumbens colonization had approximately 38% more mycorrhizal fungi than B. pilosa. When the competing species developed with soy, a higher stimulus to mycorrhizal colonization was noticed, due to the increase of this variable, mainly for B. pilosa and U. decumbens. Mycorrhizal colonization increase was 42 and 20% for B. pilosa and U. decumbens, respectively, when in competition with soy. Mycorrhizal fungi significantly influence the effects of competition and responses of both plant species, can a crop or weed was influenced or not. For example, weed species had reduction of competitive effects with sunflower when inoculated by arbuscular mycorrhizal fungi, indicating that a crop can be beneficiated and its competitive power is highly dependent of mycorrhizal associations (Rinaudo et al., 2010) .
Conclusion
From the set of analyses obtained in the cultivation of soybean and B. pilosa, U. decumbens and E. indica, it is possible to summarize that the weed is extremely competitive with the culture, fundamentally for lower growth and accumulation of nutrients evidenced at the end of 60 days of cultivation. This positive interaction for mycorrhizal colonization of soybean and competing plants occurred irrespective of the contact between roots. Therefore, further studies on this topic, including cultivation in sterilized soils and with other plant combinations are necessary.
